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ABSTRACT
This report gives a detailed description of the input data
and contains a listing of the computer program CANAL.
A sample problem is also provided.
vBrief History
In the fall of 1976 Louis Guillebaud performed the
first consistent check on the models and method of solution
employed by the computer program WOSUB [1,2,3] which is an
extension of the MATTEO code[4]. Alan Levin provided the
additional subroutines for calculating the heat transfer
coefficients and critical heat flux thus enabling WOSUB to
present data beyond the scope of the MATTEO code.
In the spring of 1977 William Boyd concentrated his work
on a parametric sensitivity study of the empirical parameters
of the WOSUB code and their effects upon the overall results [3].
He was succeeded by Artur Faya who added to the code a fuel pin
model based on the collocation method [1].
In the fall of 1977 Artur Faya started the development of
the CANAL code which is the subject of this report. New
physical models were necessary because WOSUB results for some
important experiments were not satisfactory [3]. Besides the
physical models of WOSUB tend to overestimate the transport of
vapor for bulk boiling conditions. This in turn leads to
numerical instabilities in some cases.
The similarities between WOSUB and CANAL reside only on
the numerical scheme, heat transfer coefficient package and
fuel pin model. CANAL and WOSUB differ in the following main
points:
· mixing model
· vapor generation rate
· liquid and vapor are treated as compressible
in CANAL and incompressible in WOSUB
· correlations for fluid physical properties
. correlations for friction pressure losses
vi
L. Wolf supervised the foregoing efforts. N. Todreas
assisted in the supervision of the final stages of
Artur Faya's work.
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11. Introduction
CANAL is a subchannel computer program for the steady-state
and transient thermal hydraulic analysis of BWR fuel rod bundles.
The physical models and numerical scheme used in the code are
described in /1/.
The purpose of this manual is to introduce the user into
the mechanism of running the code by providing information about
the input data and options.
2. Input Description
The input data for CANAL is divided into sections by type.
The first card of each section contains the section number
(four-digit integer) which defines the type of input to follow.
This permits the user to treat many problems in the same run
and only the sections which are changing from the preceding
problem need to be supplied. A blank card must be the last
card of the first and each succeeding case in a deck of input
data. Every case must begin with a title card with any
alphanumeric information in columns 5 to 72. A negative
integer in columns 1 to 4 of the title card indicates that the
preceding was the last case.
INPUT DESCRIPTION
Card Format
Case Control Cards
1 ICASE, TITLE(I) (I=1,17) (I4,17A4)
ICASE Problem case number
TITLE Identification of the problem
Section 003 - NSUBS, NRODS and options
1 NSUBS, NRODS (214)
NSUBS Number of subchannels in the
lattice.
NRODS Number of heating rods in the
lattice.
2 IUSYS, ITRAN, ICHF, ICISE, ISHAP,
ICOUPL, IPRI, IPRL, NPTR, NSPAC (1014)
IUSYS System of units indicator.
IUSYS=O, metric
=1, British
ITRAN Type of transient.
ITRAN=O, steady-state
=1, mass flow transient.
=2, power transient
=3, pressure transient
ICHF CHFR Correlation indicator
ICHF=O, No CHF calculation
=1, Hench-Levy
=2, Barnett
=3, CISE
ICISE Order number of a center sub-
channel for CISE CHF calculation.
3Card Format
ISHAP Axial power shape indicator
ISHAP=O, flat
=1, tabulated (Section 009)
ICOUPL If ICOUPL>0, thermal coupling
between fuel and coolant.
IPRI If IPRI>O, print input data
IPRL If IPRL>O, long print out of
results.
NPTR Printout of results every NPTR
times steps.
NSPAC Number of axial locations
where grid spacers are present.
Section 005 - Subchannel Layout
1 MSUB(I) , KISUB(I,K) (K=1,4) (614)
MSUB Total number of type I sub-
channels in the bundle.
KISUB Adjacent subchannel identification
number for up to 4 subchannels
(in ascending order).
2 LIROD(I,K) (K=1,4)
LIROD Adjacent rod identification number
for up to 4 rods
Format
Section 007 - Subchannel Geometrical
and Hydraulic Parameters
(Read NSUBS sets of cards 1,2,and 3 sequentially)
A(I), DEQ(I) (2E10.0)
A Subchannel flow area (in or m )
DEQ Subchannel equivalent hydraulic
diameter (in or m)
PFRAC (I,K) (K=l, 4)
PFRAC Fraction of the perimeter of rod
LIROD(I,K) bounding subchannel I.
GAP(I,K) (K=, 4)
GAP Gap width between subchannel I
and the adjacent subchannel
specified by KISUB(I,K) (in or m)
ZTOT,
ZTOT
DROD
ACISE
(4E10.0)
(4E10.0)
DROD, ACISE (3E1(
Bundle height (in or m)
Diameter of heating rods (in or m)
Flow area of subchannel ICISE (in2 or m )
).0)
Section 009 - Fuel Rod
MROD(I) (I=1,NRODS)
MROD Total number of type I heating
rods in the bundle.
RPEAK(I) (I=1,NRODS)
RPEAK Radial peaking factor for rod I
(1.)
(1814)
(7E10.0)
4
Card
1
2
3
4
1
2
(card 3 is needed if ISHAP>0)
SHAPEF(J) (J=1,JMAX)
SHAPEF Axial shaping factor (1.).
(.card 4 and 5 are needed if ICOUPL>0)
RFS, CONDF, CPF, RHOF, HGAP
RFS Fuel radius
CONDF Fuel thermal conductivity
(BTU/hr-ft F or W/m C).
CPF Fuel specific heat
(BTU/lb F or J/Kg C).
RHOF Fuel density (lb/ft 3 or Kg/m 3 )
HGAP Effective Gap Conductance
(BTU/hr-ft2 F or W/m 2 - C)
RC, CONDC, CPC, RHOC
RC Clad thickness.
CONDC Clad thermal conductivity.
CPC Clad specific heat.
RHOC Clad density.
Section 011 - Calculational Parameters
JMAX, ITMAX
JMAX Number of axial nodes.
ITMAX Maximum number of iterations
to find the mass crossflows (20).
DT, TMAX, EPSP
DT Time increment.
TMAX Total time of calculation.
EPSP Convergence criteria to
equalize pressure drops.
Card
3
4
5
2
5
Format
(7ElO O)
(5E10.0)
(4E10.0)
(214)
(3E10..0).
Format
Section 013 - Fluidd Inlet Conditions
P, POWER, FINLET, HINLET
P System pressure (psia or N/m2).
POWER Power added to the bundle (KW).
FINLET Inlet mass flow rate
(Mlb/hr or Kg/sec).
HINLET Inlet subcooling (BTU/lb or J/Kg).
Section 015 - Transient Specifications
NTAB
NTAB
(4E10.0)
(I4)
Number of tabulated points.
(Card 2 is to be repeated NTAB times)
TTAB(N), VTAB(N)
TTAB
VTAB
Time; first value must be
always 0.
Value of the quantity specified
by ITRAN (flow, pressure or
power) at time TTAB.
Section 017 - Empirical Parameters
YK, TETAM, CKNOT
YK Parameter K in the mixing model.
TETAM Parameter 6M in the mixing
model.
CKNOT Drift-flux concentration
parameter, C.
Card
6
1
1
2 (2E10.0)
1 (3E10.0)
Format
AFR,
AFR
BFR
CFR
BFR, CFR
Parameters a, b and c, respec-
tively, in the friction factor
correlation (f = aRe-b+C)
Section 019 - Spacer Coefficients
SPACL (N) (N=1,NSPAC)
SPACL Distance from spacer axial
location N to the bottom of
the core.
(card 2 is to be repeated NSPAC times)
SPACER(I,N)
SPACER Grid spacer coeffient for sub-
channel I at axial location N.
2 (3E10.0)
1
2
(1E10.0)
Card
83. CANAL Flow Diagram
Read Input Data
Preliminary Calculations
1
Evaluate Fluid Physical Properties
Set Inlet Conditions and Guess
Crossflows for First Axial Node
L
Criteria | no Iterate to Obtain
P i- avl ? New Crossflows
es
Compute Liquid and Vapor
Densities, set Inlet Condi-
MAX .. tions for Next Axial Node
and Guess Crossflows
Compute Heat Transfer
Fuel Coupled? Y -Coefficients, Compute
Fuel Temperature
Distribution
no
IF,
Solve Conservation Equations
'-- --------r.
I
- ~~~ ------------- ~--- I--`---
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4. Description of Subroutines and Functions
MAIN Calls subroutines to read input data and
performs preliminary calculations
READ1 Reads the input data
RITE1 Prints out input data
RITE2 Short printout of the results
RITE3 Prints out local quantities
RITE4 Prints out CHF information
TSTEP Controls time step
XMASS Computes mass exchange between subchannels
XENGY Computes energy exchange between subchannels
XMOMT Computes momentum exchange between subchannels
CONSV Solves conservation equations in each of the
subchannels
VAPSC Evaluates the vapor source term
PARAM Computes parameters that depend on physical
properties
CIRCUL Finds the circulation paths
MULTI Multiplies a square matrix by a vector
CONNCT Sets the subchannels connection matrix
CHEN Computes the heat transfer coefficient
CHF Computes the critical heat flux
TURB Computes the turbulent radial velocity
FREG Computes the two-phase mixing multiplier
FUEL Computes fuel temperature distribution
NODCO Evaluates nodal coefficients employed in the
fuel pin model
FVS12 Evaluates Hermite cubic polynomials and
their derivatives
11
CONLIQ Computes the thermal conductivity of the
liquid
CPLIQ Computes the specific heat of the liquid
VISLIQ Computes the viscosity of the liquid
SURTEN Computes the surface tension
TTSAT Computes the saturation temperature of water
as a function of pressure
ROL Computes the density of the liquid
ROV Computes the density of the vapor
HLIQS Computes the enthalpy of saturated water
as function of pressure
HEVAP Computes the latent heat of evaporation
th
POLY Evaluates a polynomial of n order
FFACT Computes the single-phase friction factor
FIL02 Computes the two-phase friction multiplier
FIL02L Computes the two-phase local friction
multiplier
12
5. Sample Problem
Fig. 1 shows the GE 9-rod bundle /2/. The sample
problem is the GE run 2D1 where the power distribution is
uniform both axially and radially. One can see that for
this particular case there is a 45 ° symmetry and the
analysis can be performed using a configuration of the
type shown in Fig. 2.
Other data of importance are
Pressure 1000 psia
Total bundle power 1064. KW
Inlet mass flow rate 0.01098 Mlb/hr
Inlet enthalpy -259.2 BTU/lb
Total height of the bundle 6 ft.
Subchannel Flow Area Hydraulic Diameter
(in2) (in)
Corner 0.0391 0.28028
Side 0.1824 0.4467
Center 0.1447 0.6465
- · -- --ii- I -'-----I--
12a
Fig. 1 - Geometry of the GE Nine-Rod Bundle
12k
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Fig. 2 Snimple subchannel layout to describe
input data
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C7
Input for the Sample Problem
GE 201
0 0 0 0
3
.28028
.4467
.168
.e L65
.57
4 4 l
1.
0.
1064000.
iO.
.25
L 1 0 0
13
3
0
2
1.
2
2
2
0003
3
0005
8
I
1
8
1
0007
0. 0391
.125
.1 35
.1 824
.5
.135
.I447
.5
.168
72 
0009
1.'
.001
011
30
0.
0013
1000.
0017
1 4
.32
0000
-1
.01098 259.2
1.3
-
3
14
Output for the Sample Problem
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IF(IC)UF:LoLE.O)GOTO 10
4* fDO 10 I...:iNO';
ISS=O . I
T f..l (-O .
' -,uft f)( I F' 4 )
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Gt^ '-'G I't' ( i J
iE :l F ': . ( l t )
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a CO NTIN L JE
T' W A L.. . ='f-W / R
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7 XC ) N) ::COEF (L. JyN )
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24 CO NT I N UiE
25 LI. ZT OT -DZF:LOTT ( J )
IF ::L ( LtLE -O )E L.=O
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. OMM3ON/FU EL. 1 /CONDF CONC, CPF 'CF'CY RHOF, RIOC , A I...F'HF , AL F'I-AC , H GAF ,
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* FAC (45) , EDF'(45) EIF'O ( 45) ) I:'rS (45)
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dt... T ( I ) =: ·
, ( 0.
1ll HT ( I ) =0 ,.-
G O i' O J
r.-:Sl~~E -
40
). 
CJj/ Yt. i .S.j ,' N El A; S IS, iL. J A , G I" ) 0 i: u 3, F *r H w u L... K , W V D K )
C*  MPIIT7 TIWff Pi : x C A G i,,J Fw ' J I C S U.B. CH 11
C(OMO/  i3N R::'1:tOP /HV A ;I::' I 1S3AT, HLA T TS -T , PRAF E V I SCL , C t L . Gi A I
i: I::' t S CV ! . i ,4 Vl :T i SD T Ir GrAil
C:OHf r N / O' 1: 7 I ON/ I UJSY , 3 :T: RF N r CH 1F : C I SES :I: AP ,li i:1 F: L 3: F: R rI
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COMi iON /L- AYOUt /r IKSLJ ( 4) KSC UB (45 4) L-ROI: (45) IRO3D (45 , 4) 
* L.fC IRC ( 35 4 ) MS(J. (4'..5 ) ,i MROt ( 35) , I: R7 ( I D_( 't L RO E (y 4 )
COMMON /GEOM/A ( 45) DEQ (41.5 ) , GAF (45 7 4) , FHEAT ( 45, 4 ) , PF'rtC (45 4 ) 
1 SFAi CER ( 45 , 30 ) F'AEA , ZTOT TD R OD , PFROD 
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C
COMMON /OF'TI ON/ I.JSYS TR r, I CIF p e.TCISE, ISHAP, I COLUF'L, I F:'R l 
* IFRL, NF'T v N'IAB,? :rCASE
COMMON /IN..ETP FT fPWEF 7 FTNL.. ET, H I N tET
COMMON/MIX/UtILB ( 45 4)
COMMON /AYOUTl.r/KS.B (45) ,KIStJB (4- 4) ,LROD(4'5) LIROD(45 4 ),
* LCIRC:,(35 4) MS1JB (45) () MROD(35) !,:I'RO.(35) ILROfrl (35 4)
COMMON /.M I T/NSJRBS , NRO:.CS NTSI.JBS i NTRODS NCIRCS JMAX, I TMAX
COMMON /GEOM/A(45 ) IEQ ( 45 ) AP( 4 ) YPHEAT( 4 ) YPFRAC(45
* SF'fC.ER(4530) .AREAZTOTDRODPRODr
COMMON /NUJMR/]DZ
,
riTlZDT 9 E SF' -
COMMON /TRAN/TTMAXTTAP( 30) ,VTA(30)
COMMON/PARM/ AFR iFR CFR, YK ,-TETAM VVJ CKNOT EF'S BEE , DEE
COMMON /PROF'P/HVAP HSAT HLT. r TSAT F 'RAND VISC1. C'ONDL, SIGMA ,
* CPL, VISCV DIHVDT rDHtSDT GRAD
DIMENSION A.JT(45),AJVAF(45)AnJLI(45)GT(45)YRHOVAF 5),
* RHOLIU(45)XTR(45)
DATA AKL1/0.0058/. R-1..46/
'CM=I.
DO 1 I=INSJUBS
REY=ABS(GT(I) )*DEQ( I )/VISI..
AJL I=AJLI-( I)
AJV1=AJVAF'( I)
X =XTR( )
Gi3=GT( I )
RHOV=RHOVAP( I)
RHOL=RH-OLI Q ( I )
IF(TETAMGT i . )
* CALL. FREG(AJVJ1,AJL1 G 1, XI,D1,REY RHOV RHOLTETAMCM )
KR=KSIJB ( I )
D 1 K=IyKR
K=KlrSUB(I Kf )
DMIXN=AKLI*(JAF'(I ,K1 )/DROD)**R
XM= (1.+( E () /DE ( I ) ) **, 5) *(EQ ( I ) /DROD) / (REY**O 1)*DMI
- XM=XM/2 .
:- T: L. ( K = X( ,*A.JT ( I >CJ T
1 CONTINUE
DO 2 I=1,NSUBS
KR=KSU ( I)
DO 2 K1=1-KR-:
K=KISUB(IK:1)
IF(K.LTI)GO TO 3
LJTILD (IK)= (UTILD( I K)+U
GO( TO 2
3 UTILD(IK)=IJTILD (KlI)
2 CONTINUE
RETURN
END
,4)
..
XN . . ...
·....,_ .
.... .- .
:.?: :s - - -.
. . . .
.. .... .. .
. .. .. q . . a . .. .
. o;
. -·. .
* * -- e -;
;
.
TILD(KYT))/2.
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SUB"' "I iEf' : INE Fi.c ( AJ) y J.. ,(3 ., XIl 1- YI'E, Y FRHOV l R :H: l.. TET 1A M ,CM)
C .. .. - I '' J S,T ARF A:I. A 2 LJ 1_ ' 1T A '
Cf:C ......- COPUTE S TWOPSf:3 fL'JJ.SI-: IOl...W MX:NG iUl hLfTIPLIE R UJS'3INGC f ........... BES ' 'SHEMfE:
O fJiMOfN/FtRfO /VAP HSAF' L ST H TSAT F'RAN.I, ISCL CONi:L.' 1: G MA 
* CF L, , VT r. D H T X ST G RA D
:ATA A1. A2/0, 4 06/
CMAX=TETAM
CL=l.
CV=:I.
XrAT=0 , 57*FEY*,* 0, 04717
A JLR=AJL*SQR:''T ( R H O31 G f R i:l .' ( RHOL . -RHOV) )
AJ V R=AJV*Q -)F 'Rr ( R I-l l./ G R/I:'Af/r.l/ ( RI-Lt E. -RHOV L )
TEST=A1 A-A2 AJL ... R
XC=Ai J. /G:,QeRt'' (G -TRAl*,RHOLE *t(E RHOfl f-Ot) ) + A2
XC= XC/ ( SQRT ( RHOL../RHOV) A2)
IF(A J VR .GT , TEST) C T 1 1
CM=CL+- t ( : i MAX-CL.. ) /XC*X
RET U RN
i E N rl.Jf
. CM=Ci + ( CMAX-CV ) ' ( f-XRAT ) . (X/XC--XRAT)RETURNEN'[I
___1__111__111_1_____
 ·.... ,
.1
i
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SUBf.fr PUT.TNI FI.JlE (QF RI, HSP HT' -TB JL W E,T C rTF TCE f; )
C: CALCUILATES FUEL. TEMPERATURE DISTRIBUTION IN THE RtADIAL DIRECTION
C T--- USING HERMITE C.JBIC POL.YNOMIALS
COMMON /OPTTON/TUSYS I TRAN 'ICHF ICISE, ISHAP,I COlJF' IPRI
* IPRL NPTR, NfTAICASE
COMMON /TRAN/TTMAXYTTAB(30) YVTAB(30)
COMMON/FUEL 1/CONiDF CON CCPF FCPC RHOF, RHOC ALPHAF ALF'HAC HGAP,
* RCRG RCSRFSXRCI ELCDEL ELF,DXFyDDCXC(1 ) XCO(12)
COMMON/FJEL'2/NF NC NF NF2 NT N NT2 NODE NE)S 
MGAP9 NF'A NPF
DIMENSION RD(50),TEMP (50) , TEMP(<0)OPQ2(50),TAIJX(50)
JC=2 
CALL NODCO( QFPRIM HSF 9HTP ' TtBIULK p TWALL )
DO 21 I=IYNPA
C
C--- TEMPERATURE PFROFILE IN THE FUEL
IF(I.GT.NPF) GO TO 300
D=(I-1 ) *DDF
'IJ=D/DELF
XHF=ELF*FLOAT ( I J )
SMALL=hES ( -XHF )
IF(D.EQ.O.)-GO TO 22
IF(SMALL,, .. E , 1o .E-1. ) GO
I 1 =IJ+1
X ( )- I JcBEFI )/BELF
Y= ( D- ( IJ+l i )'TEELF )/!ELF
G0 TO 100
22 X=O.
I =IJ+1
GO TO 100
23 X=I .
TO 23
I . = I J
1.00 AT=O 
-....DO TI'O K.... :-.- :-- - .'' -...  .. .. ..:-.:.. --
-.DO 150 K=I JC 
F=FLOAT(K)-
CALL FVS12 (FOXYVX)
CALL FVS12 (FPOYVY)
CALL FVS12 (F,1,XVIX)
CALL FVS12 (F,1YsVIY)
rY=(II-1)*JC+K
III=II*JC+K
AT=AT+XC(II)*VX+XC(II1)*VY
150 TI=T1+(XC(II)*V1X+XC(II1 )*V1Y)/IELF
IF(D.EQOo.) GO TO e8
Q2=- .*CONDF*'r
GO TO 200
88 Q2=O0
GO TO 200
C
XII - -
···; x
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' TE r I : M :: A t !. r: ' F 1, :t i I...: IE I THEF
300 :RCf- + : N-r - 1. ) *tr:1f'
tf j-= ( B-RC I ) /BELC
1·i :=R:1+E5 :ILC*FL. f OAT ( . )
S;iA L.. A1.. S (- H C)
IF ( EO RCIE) GO TO 24
IF(SMALL LE :L()1-0) GO Tro
I :1. N F + 1 +L .J + 1.
v ( -RC - I .. *tELC ) /DELC
Y= (D r-RC I - ( IJ+1 ) bDEL.C) /ELC C
GO rTO 120
24 X=O.
Y-1 
11=NF+1+IJ+1
GO fTO 120
.25 X=1.
Y=O
I=N--FI+l+J
T 1= . J
T 1 -0,
DO 250 NK=IsJC
F=FLOAT' (K)
CALL FVS12 (FYOYXsVX)
CALL FVS1.2 (FPOYVY)
CAL.L FVS12 (F,1 XV1.X
CALL... FVS2 (F :1t Y VY
!! :r= ( :I-1 )*JC+K
IT=I1 *JC+K
AT=AT+XC ( I ) *VX+XC ( I I
250 T=T+ (XC ( I I )*VIX+XC (
Q2=- ., CONEIbC*T1
200 RD(I)=B
TEMP(I )=AT
21 CONTINUE
TCENTR=T-EMP ( 1 )
TEMFW=rTEMF' NF'A)
RETURN 
END - - :
25
.)*'Y
I 1)*V1Y)/DELC
_ _________
ClA f) :1 N G
I .. - o, .- .
.. .
.. ...
.. . ..
SUB.;(Ol' TINE NODO( ( PPRtM, HSF' HF' tL '¥WA t... )
C ... EVAI.UATES NODAL.. COEFFICIENTS
C
COMMON /TRAN/TqTMAXTTAB(30)VTAB(30)
COMMON/FUEL 1 /CONDF , CONDC P CFF CPC HO Y RF HOC ! AL. PHAF ALPHAC, HGAPF,
* RCRGRCSRFSRCIELCL,EL:~rI-DDtF, XL.(J.(),,xcO(. ')
COMMON /NUMR/DZDTDZDTYEPS
COMMON/FUEL2/NF NC, NFNT2~N NT1 NT2,NODE, NEQS
*MGAPPNPANPF
COMMON /ROP/HVAPFHSATIHLATTATTAF'RANDVISCLCONILSIGMA,
CFPLVISCV DHVDT DHSDT, GRAD
DIMENSION XA(12l')pFXB(1'2 ),XNOD IE(12) ,XR(1 2)'XT( 12)
DIMENSION WKAREA(3000)
J2=2
HFILM=HSPF+HTP
Q3=QRIM/3. 14159/RFS/RFS
Q2CS=Q3*RFS**:2/(2. *RCS)
f2GAP=Q3*RFS**2/(RFS+RCI)
IF(T.GT.0-) GO 10 2000
.TCS=TWALL
TCI=TCS+(03*RFS**2/( 2.*CONDC ))*A.OG(RCS/RCI)
TFS=TC I +02GAFP/HAP
XN=O.
DO 10 I:=I-N
10 XNODE'(I)=XN+(I-1 )*DELF
XN=XNODE(NF1 )+RG
DO 1. I=NF2, NT2
11 XNODE(1)=X^N+(l-NF ) *DELC
1..)
DO 12 I=IYNT1
IF(I.EP.NF1)-GO TO 12
DO 12 J=l,2
CF=(- -,-)-**J .
XR(K)=05 5*(XNDE(I)+XNODE.+(I' ) +CF*(XNODE(
1(2.*1.732)
K=K+1
12 CONTINUE
-2000 'DO 7 I=INEQS 
DO 7J=tNEQS
... .~If- .7':--..  XAIJS) =0.
L=NODE
I=NEQS
14 IF(I-NEOS) 15 ,16 16-
C
C --- OUTER CLADDPNG
C
16 CKHD=CONDC/(HFILM*DELC) '
DO 5 K=IJ2
F=FLOAT(K)
CALL FVS12' (F.OO,0.VO)
CALL FVS12 (FO1.V1)
CALL FVS12 (F,1,0.oV10)
CALL FVS12 (Fy,l,,Vll)
XA(I,(NFFNC)*J2+K)=Vl+CKHt*Vli.
I+1I)-XNODE(I))/
75
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":: X A r : . ( iN: i:' * C+f . .J t = . ) + . C I 'E *J . 0
X ? ( ) : ( S P* 'i" - .J t... -H FT ' -T ' ) / 1-f ' Z1 Ni
(: 0 T 0 .1. 3
t5 :tF'( -MAP) 17, 1.8 :1. 9
1. 7 : F::( I '-1 2 ' s202 .. 1
C- -- : N TE R IERF P : CNTS IN T H E Ct A:Et: .1 N G
19 I1=(XR(L )-RCI)/DELC
v- ( XR(L )-IRCI-I 1 *ELC)/XEL.C
Y=(XR( 1 )-RC I-(L. +1)*.ELC)/DELC
IF(T.GT.O.) GO TO 202
2.:01. O( 26 K=I-,J2..
F:=F C)AT ( ) .
CALL FVS. '2 (FOXVX)
CALL FVS12 (FOYVY)
XA ( I 1t+NF+f )*,2+K) =VX
26 XA( I ( I+NF+2) * 2+K)=VY
XB( I ) TCSf ( S3*RFS**2/ ( *(.,ON.C ) ) *ALOG ( RCS/XR ( L
GO T 203
202 CK=ALF'HAC*DT/D ELC
TOLE=O. 
t.) 39 K=:L :J2
F=FLOAT(K)
CALL
CALL
CALL
CALLCAl.l
FV:i. 2.
FVS12
FVS12
FVS12
FVS 1212n
(FO rXVX)
(F, 1 X VI.X)
(F2X 'X)
(F (O!YYVY)
(F i Y V:.Y)
(F329YYV2Y)
XA(I ( I.+NF+1)*J2+K)=VX-CK*( (V1X/XR(L
XA(I,(IIFNF+-2)*J2+))= VY-CK*( (VY/XR(L
IJ=( I 1+NF+I )*J2+K
IJ1=( I1+NF+2)*J2+K
39 TOLD=TOLtD+XCO(IJ>)*VX+XCO( IJ)*VY -
Xe^(I)=TOL.D
203 L-L-1
GO. TO 13
C ·- tz:·;i fD:z G rA
C ... FUEL-?CLADD.TNIG GAP
C' 
))+(V2X/qELC) )
) ) (V2Y/ELC) )
.. . .... ..... '.
18 GAPC=CONtIC/( HGAP*tELC )
DO 27 K=iJ2
F=FLOAT () 
CALL -FVS12 (FYO 1.,V> : -.
CALL FVS12 (FO ,V0)
CAL L FVS 12 (F,0,-1 VN)1.
CALL FVS12 (FIO.V.IO)
CALL FVSt2 (F:v- +YVINi)
XA (I (NF-i )J2+K)=V1
XA ( :['PNF*.J2+K)=VO
XA ( (NF. ) *,.2+K ) GAF'C*V.--(-V
27 XA(I(,' NF+2)*J2+K)=GAFC*VN1-VN1 .
XB( I )= o
*·-- - -----·iT- I- ·- -··-·-·--
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I : -1
G A F '- i::CONI BF'/ ( HGA *' D I... ')
t(C) 8 KI-1.yJ2
F=FLOAT (K)..
CALL FVS12CALL FVS12CALL FVS12
C.'ALL i-VS12
CAL. FVS1 2
(F09,O)
(FOP1.V)
(FO9-1.PVN)
(F I O.Y V O)
(FPP 1 1. Vll)
XA(Iy (NF-:. )*J2+K)=V+GAAP F*Vl1
XA( I NF*2+K ) =VO+(GAFPF*V10
XA( I (NF +I)*J2+K)=- .*VO
28 XA(' tNF+2)*J2+K)=-l.*VN1
XB(I)=O.
GO TO 13
C
C ----- INTERIORF-OINTS IN THE Ft.fEL
C
2.1 =XR ( L )/ELF
X= ( XR ( L )-I 1 ELF)/DELF
Y=(XR(I)-(I1+1 )*ELF)/)/ D EL F
IF(TGT.O.) GO TO 205
'204 DO 29 K=-..12
· :~ F=FLQAT(K)
CALL FVS12- (FOYXVX)
CALL FVS12 (FPOPYPVY)
XA ( I 1 *J2+)=UX
29 XA(Iy(I1+1).t2+K)=VY
X(I ) =TFS+3* (RFS**2-XR(L )**-2) / ( 4 *CONDEF)
G. TO 206
205 FK=AL.PHAF*DT/DEL.F
TOLD=O.
*s DO 42 K=-..yJ2
F=FLOAT(K)
CALL FVS12 (FO,.XVX)
CALL. FV2 8' (F,1,XwV1X)
CALL FVS12 F ,2,X V2X)- -
CALL' FVS12 (FO Y VY)- : .
. . ----CALL FVS12-(F, Y,2Y) - ............ 
CAL. ('L FVS12 EV2.y.V2Y)
XA(I,I1 *J2+K)=VX-FK*((V1X/XR(L ))+(u2X/XDELF))
XA(I (II1+)*J2+K)=VY-FK*(-(V1Y/XR(I_ ))+(V2Y/DtELF) )
IK=11*J2+K.
IKI=(II+l)*J2+K
42 TOLB=TOLrD+XCO (--IK) *VX-+XCO (-KI') *VY
XB-( I ) =TO..D+ALPHAF*TT*Q3/CONDF
206 L=L-1 -
13 CONTINUE
1=-1 .
GO TO 14 '
C . -: . . .
C --- CENTER LINE
C
20 DO 400 K=IFJ2
·III·------LI-LI---------------
r
- · .r.-·-
et·
: -- ---
. .. .: .. - . :,r " -7, , 7 · ·!. - -
- " I . 1""L
C::'AL.L F :' 1 .2 ( F' )
C. Al.. L F S'12 (FJ, I
XA(I,K)=VI
400 XA (I ,.,2-K) V INI
XB(I)=O 
lO 45 I:.NEfQS
45 XT(I)=XB(I)
EPFS= OE-7
CAILL' MET2 (XA
DO 24 I=ItNEQS
24 XC(I)=XB(I)
RETURN
ENI
,() -I, . ) )
. :.V tJ.i. 
1 NEQS 12 X 6 WKAREA IER)
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,LFi'tTINE FVS12. (F!,K.YX.u)
IF(X) 0.! 20y20 ,
10 C=-1-
GO TO 30
30 IF(K-1I) 40. ,.60 
40 V=ABS(I--:. + )*( .. -3.* X**2+[:*2.*X**-)+ABS(F-2+ )*(( 1 -C C* X)**2)
GO TO 100
50 V=ABS(F-. )*(-6e*X+C*6&*X**2) TABS(F-2 )*(1 -C*X)*(1 -3,+*C*X)
GO TO 100 ...
60 V=ABS(F-1.)*(12 *C*X-6)+ABS(F-2 )*C*(6.*C*X-4 ) 
100 RETURN
END
;.,-i. -, - :--..,.
, .~~~~~~~~~--·:: . .- : ~.....,..-.
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SJtBl:C)tIlj NE INTERF ( X X7TAB r YT(AB, NP ' Y)
Ci:. .-- .. : E1: .. rEAR Tr TION OF TABUFLATED .DATA
C
DI rENSON XT AB(NFP) YTA (N'P)
:F(vxGE XTAB(NFP)GO TO 30
IF7(X,LEXTAtB(I))G3O TO 40
NF' 1 =NF'- 1
DO 10 N=1PNFI.
NI=-N
IF((XGEXTAB(N)).AND( (X.LEXTAB(N+1)))GO TO 20
10 CONTINUE
20 Y=YTAB(NI)+(YTAB(NI+)-YTAB (NI) )*(X-XTAB(NI))/(XTAB(NI+i)
i -XTAB(NI))
RETURN
30 Y=YTAB(NFP)
RETURN
40 Y=YTAB(1 ) ' '
RETURN
EN 
.
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SUBRO I UT INE NEQii0T2 (AN N..'I:AI '.GTARE:A.IE:R)
t: -·3f1_t iE 0 2 A ·- * ·-··- ····- ··--····· ~~ ··· · 1.. :: BRAR -Y ,2. .I. J:,C - E, Q T 2G ... ... .. ..... ..... ..........BAY 2.. .... ..... ..  ....... ... . ...........................................
C.
, C F:UNCTION N ...:! .. EQ r T'ION ,SC)L.... ._.. S'fT \TOR;A GE
C MOOF: .... IG.-! O A CCU:ACY S . Ti ON.
C IUSAGE - CAI..L MEOT2G (A N i"i,, A jB.,:IOGT iARF':l,,IF:
C PARAME TERS A INFPUT MATRIX O F INENS.TON N Y N T(.NAININ
CU TJ-HEF: CEHFFFIC TENT MATRIX OF THE EQUAT :i: ON
C( AX = B
C M N IUMBER OF RT(G1HT-HAN S ID (I NT pU: T)
C N - C.ORBER OrF A AND NtUmr:pBER or: IW IN B( INFUT)
~C, T~~ A -N 1.ME R OS :rFiN TlE i Di:IENS ION £TArTEM NT
C FOR A AND B IN THf C'AL.LH.7 ING PRO1 RAM, (INF :4'UTY)
C B ···- ~'.... 2INPUT MATRIX O F DTMiENSION N BY M CONTAINING
C E PIrG'"HAND SIu:DS O F THE: LQATION AX = o
C ON C)UTF:t. T 'F N BY i MA TRIX , x F: ScO *!. TIONS
C RIE:...AC:S B
C IDGT - [NIJT ' fFPT O'IN,
C :Ir IDG TS GIREATER THAN 0, TI-E EL. EMiENTS OF
C A AND BP ARE AcSSUMED TO BE COi: RF :ECT TO ID GT
C' DE3C: MAl... BiGITS ND THE: T'P:: :f:FRINE:PFORMS
C AN ACC!.JURACY TEST,
C IF 1I:' AN ACCURACY TEgT,.
(C IF IOT EAL S 0:7 THE ACC.UFR:;ACY TES IS
C BY P A SS E:O 
Cr::~~~ ~ON OUTFUTi., !M3GT CONTAI: NS, THE AI:ROXIMATE
C NiUMiPER OF rGITS TX THE AMSHER HI CH
L C WERE UNC:H1!ANGEr! AFTER If i'R OVENENT
C tW f-11 PiKARA A- WOr::K AREA OF IM:I HENSi:ON GFr"EATEPR TIIAN OR EQUAL.
C TO N**2+SN 
fC TER f-E:RROR PARAMETER
C( WARNING ERFOR = 32'--N.
C N 2 INTI::CATES TAT THE ACC.URACY TEST
~ F"'A I I1 ._ EB .,.o
C THE COMPUTED SO... JIION MAY E IN ERRORii C BY MORE THAN CAN BE- ACCOUNTED FOR BY
C TH E UNCERTA INTY OFT TH4E IAFAA
C THIS WARNIING CAN BIlE PRODICED ONLY IF.
C= TD GT TS GRE:ATER THW4N 0 ON INPUT.
,C- SEE CHISAPTERR L_ PREL...TUDE FOR FURTHER
C X:t SCU I SSI fN ,.
C TERMINAl.. ERROR 1= 284N
C N I NDICATES THAT THE MATRIX IS
C' A...ORI:lTHHMIC:RtALLY SINGOULAR . (SE rI THE
C CHAPTERF .. PREI.... IJE) )
C N : INDI:CATES THAT THE MATRIX I S TOO C
IC FI:'C)··]L.L-CONDITIONE :OR ITERAT:IVE IMF:MRC)'JFMPRNT
C TO E EFFECTIVE,
C F:S C I EI: I: N - S INGL..E
C RE ' I:I...SI ROUTINES - MI.DATG MI.ELMGU MREFG t.lERTST
C I...ANGUAGE .FORTRAN
C. ....... . .......... .... ........ ............ .C I...ATEST REV:ISI:ON . .. ARF;,i 22,1.t974
C H-IS ' C)
I T ME: N SI fC N A ( :1. ) .'( A, 1. ) , 4WI AFE ', A. 1 
N:1: IT .: .. Z1:E i:: ErF
I E F:: (-)0
J E:R= F: 
K - .. N'N1
MM :::: KN
KK  0
MM :. M-:1.
1 5 .. .= N
EC) 5 1::::, N
WKAREA ( ,JJ ) -A ( : 1t... )
.J J ,..I.,..1 :1.
5 CO3NTI NtJUE
tI:::C C-)E AiCF' ) 1C) 
CAL..L... Ml.IATGf: (WJKARE:( 1 )  A N ! I Y ]G: .:i . I' JWA:;':A ( ..I) WI(lARERA ( 1 ) 
I WAY ER )
I -F (I:ER GT :128 ) Of: T 25
IF (:I:.GT oQ 0 o R: IERF NEo 0) KK 1 .
DCO 15 I =. Y 1M
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